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ComINco~ AXIAL o- FOR AlMISSION OF PRIMARY AIR 

Methods of illtrodming and distributing air end fuel into the 
cambustor of turbojet engines were evaluated by investigating the 
p8YfO32tIlSE 8 of two single-annulus Iin8rs in a one-quarter Sector 
(90° ennulus) of a 25%inch-diameter turbojet c-or. The izmes- 

tigations covered arange of siznulated altitudes andengine speeds, 
and the reW&red conditions at the cambustor inlet wer8 obt~d Frcan 

. : d&a for an existing 25$-inch-dismeter turbojet engine operating ov8r 

a rsnge of eLtitade and engine speeds at a ram pressure ratio of 1.04. 
8 The altitude perf- data for the two cc&x.xstors investigated sre 

cemgsxed tith existing perfoxmanc 8 datafor a Ip‘oduction-model double- 
.eaamiLus ccmbustorthathas the sam8 ccanbustor-housing mensions,but 
the performantx of which was obtained in a compl8te combu&or (360° 
aIxnll1us) . 

The p8Z’fOZ2&SlC0 of one of the two casibustors tiTesti@ted indf- 
oated that th8 altitude operating limits for the single-annulus com- 
bustors w8r8 as much as 11,000 feet higher than for a production-model 
double-annulus design at rated engine sped. At maximum rated engFne 
8p88d and altitude8 between 40,000 and 50,000 feet, both single-lus 
ocrmbustors operated with combuStion effioi8noies about 30 peroent 
higher than those of the double-aznuzlue combustor. The ocunbustion ef- 
fiCieIlCi8S W8r8 insensitive to oh-88 in fuel-air ratio over the range 
of fuel-air ratios investigated (0.007 to 0.024). The temperature pro- 

files at each condition investigated Showed temperatures higher near 
the outer wall than near th8 Inner wall. The generally desirable 
radial temperature distribution with higher temperatures near th8 tips 
of the turbine blades was thusattained. 

t 4 
The totaLpressure loss8s for both ccstbustors were slightly more 

. - than twice the pressure losses for the existing double-annulus design 
and were probably due to a decr8ase in open-hole area in the com- 

e c bustor liner as well as 831 Increase in the percentage of the inlet 
,area blooked by the upstream faoe aP the combuator. 
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The altitude at which an a1rcrarflti.s required to operate can seri- 8 

ously affect combustion in a turbojet engine. Early investigations 
indicated that-aombustion efficiency decreased with increased altitude 
and that for smy turbojet-cc&m&or at each engine speed 811 altitude 
existed above-which the co&u&or would not supply sufficient energy 

to the turbine to operate the engine at the pertiqular conditions, no 
matterhowrmchfuelwas injected. Because for some engines these 
altitude operational limits are seriously low , a general resesxch pro- 
gram directed at the anelgsis and the improvement of the altitude per- 
foxmance of turbojet ccmbustors was ititiated at the NACA Lewis labo- 
ratory. 

The cause of the reduced efficiency and the altih.de limits is 
indicated in reference 1. Systematic 1nvestfe;ation.s of the distribu- 
tion of the air entering the camBustor (unavailable publication) and 
simflar studies on the effect of the volatility end the degree of 
atcanization of the fuel (reference 2) Indicated specific mmedial 
measures that led to appreciably improved altitude limits and effi-. 
ciencies. In these studies it was recogM.zed that other ccrmbustor 
problems, such as the distribution of turbine-inlet gas tempera&mea, -. l 

required solution simultaneously with the altitude-limit and efficiency 
problems. A study (reference 3) was therefore made to determine the 
possibilities of maintaining high altitude operational llmlts and ef- 1 u 
ficiencies and of obtaining, at the ssme time, the preferred turbine- 
inlet-gas-temperature distribution. 

The initial results of reseamh in which the work prior to and 
including reference 3 is continued me presented herein. Aspertof 
this contQmed study of the effect of cm&u&or design on performance, 
two aingl.e-amxiLus combustors were desigzled and their altitud8 per- 
formance investigated. Results obtained with these two combustors are 
described. Each of the combustors consist8d of a one-quarter section 
of a zsl Z-inch annular-combustor housfng. Two pertiaular ideas, or 
t8chnique8, were investigated, namely: (I) an extension of a tech- 
nique that had previously been investigated in a' sumller-diameter 
combustor (reference 3) for producing alternate lcmgitudinal sectors 
of fuel-r%ch and air-rich zones in the ~-combustion region; 
and (2) the use of en internal baffling CuTangement for increasing the 
ImUorraity of the fuel distribution and possibly the fuel-residence 
tims in the primary cambustion zon8. The operating conditions 
selected were the seme as those used-for a -&revious unreported inves- . 

tigation of an entire 23~inch-diameter annular ccrmbustor; a mom 

c 
I 

Y . 
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direct compsrison of the results obtained in these two investigations 
was thus made possib18. 

The investigation of altitude perfo33nanc e consisted in detezmi- 
ld.Dg the Ed.titd.0 O~I'ati~ limits, th8 CarokulstiOn efficiency, the 
total-pressure loss through the cc&n&or, sndthe radisltamperature 
distribution of the combustor exhaust gases.. The improvd of any 
one of these cheracteristics without deleterious effects on the remain- . 
ing performasc 8 chsract8ristics constitutes an iuqrovement in the over- 
sll performance of the ccc&u&or. 

Combustm Installation 

A schematic disgrsm of the installation ia shown in figure 1. 
Air of desired. quantity, pressure, sndtemperaturewss drawnfraenthe 
laboratory air-supply system and exhausted into the eltitud8 exhaust 
system, which permitted o-@ration in the test chamber at pressxnxs as 
low as 5 inches of mercury absolute. Combustor-inlet temperatures 
were COntrOlled by using a gasoline-fired sir peheater located in a 
by-pass line upstream of the combustor. The quantity of air flowing 
through the bypEes, the total air flow, and the ccmbustion-chamber 
static pressure were regula.ted by three remote-control valves. Two 
observation windows were installed in the test section in order to 
permit v%SU& ObS8rYatiOn Of ~~&ustiOn. 

Instzzntation 

Totsl temperature and pressure were meas&ed at the three stations 
indicated in figure 1: stationl, caibustor inlet; station 2, com- 
bustor outlet (corresponding to turbine inlet); a& station 3, exhaust 
section where thermocouples were 1 nstalled in order to check the 
results measured at the combustor outlet and to indicate any burning 
beyond the combustor outlet. The position of the instmrments in each 
of the three @anes is shown in figure 2. 

Combustor-inlet totsl tem~ratures were measured with three 
bsre-junction, unshielded iron-con&a&an thermocouples at station 1, 
a8 shown in figure Z(a). Slightly upstiesm of station 1 were located 
12 total-pressure tubes, three in each of four r&es as shown in 
figure 2(a). Combustor-outlet tot& temperatures were measure dwith 
30 bare-junction unshielded chromel-slwnelthermocouples~ five thermo- 
couples in each of sixrekes were located across the duct at station 2, 
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as shown~in figure 2(b). At station 3 were l5 totsl-~essure tubes in 1 
three rakes of five pressure tubes each and l5 base-junction chramsl- 
.5lm~31 thermocouples in three rak8s of five thermocouples each 
(fig. 2(c)). All 13d5rment-s were located at approximate centers of 
equal areas. Static-pressure taps were installed at the wslls, as 
shown in figure 2. 

InsWnt construction details are shown in figure 3. The 
themocoyples were connected to calibrated self-balancing izxlicating 
potentiometers. The tot&-pressure tubes and wall static-pressure 
taps were connected to c~n1-WBllmancmeters. -cm manmeters 
were used.fq +xsuring the gage static chamber pressure. Fuelflow 
was metered through calibrated rotsmeters and air flow, through a , 
concentric-hole, sharp-edged orifice. 

Description of Ccmbustors 

Each of the two ccmbustors investigated consisted of-a single- 
asrrulus liner or basket designed to fit into a o-~-quarter sector of --- - -. - 
a cambustor housing. The couibustor housing was 25$ inches in diameter *- 4 
end. the distance ti the assembled cmbustor fram the fuel nozzles to 
the turbine-nozzle inlet was approximately 23 inches. - . 

A longitudinal cross section of the liner fog the first ccmbustor 
design is shown in figure 4(a). The liner was so constructed as to be 
divisible into two pieces at a section approximately 5 inches down- 
stream of the fuel-inlet-section. The two pieces exe shown sepexated 
in figure 4(b). 

The assembled liner had diegonel internal baffles (figs. 4(a) and 
4(b)), which appem in figure 4(c) as the perforated convergent por- 
tions of the lin8r walls. Vi8ws of the inner and outer walls of the 
assembled liner showing the distribution of open-hole area are pre- 

sented in figure 4(d). Air was admitted into the ccanbustion zone 
upstream of the internal bsffles through small circular holes. Down- 
Strem of the internal baffles, additional primary air was admitted 
throughlong,thintriangulm slots running aximy alongtheliner. 
Shorter rectsngulsr slots were cut for admission of secondary air. 
Louvers, as shown, were punched in the walls between the rows of slots 
to admit cooling air and thereby reduce liner-wall wsrping. no attempt 
was made to alter the type or location of the intern& baffles. 
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The second combustor investigated consisted of a similsr liner 
from which the internel baffles w8r8 removed. 

The fuel manifold used for each combustor was fitted with 10 
equs2J.y spaced fuel-injection nozzles that prcduced hollow-cone fuel 

. These nozzles were rated at 10.3 gallons 
g%Le differentid of 100 lb/sq in.) tith a 60° 

per hour (at a 
wv angle- The 

same fuel nozzles were used for the entire investigation. 

The altitude -performance of the two c-tore was investigated 
with the combustor-inlet air conditions of air weight flow, pressure, 
and temperature simulating operation of the &$-inch-diameter 
4:l pressure ratio turbojet engine at altitudes varying fram 35,000 
to 60,000 feet and over a range of corrected engfne speeds from 54 to 
100 percent of msximum rated speed (i'OOO to 13,000 corrected rpm). 
The combustor-inlet air conditions and the velues of the estimated 
combustar-outlet temperatures required to Operate the reference engine 
over the range of interest were calculated from data obtaIned in an 
altitude-wind-tunnel investigatJon of th8 complete engine. Ccmditiane 
were chosen at the ram pressure ratio nearest static wnditions for 
whioh wind-t-1 data were available (1.04). Curvea for combustor- 
Inlet oonditions and for the estimated values of ccmibustor-outlet gas 
temperatures at a ram pressure ratio of 1.04 areegiven ti figure 5. 
Altitude perfomnce was determined for both oombustors with two fuels, 
AH-F-32 and AI?-F-58. 

Altitude Operating Limits 

The altitude operating limfts were determined over a range of 
corrected engine speeds from 54 to 100 percent of,msximum rated speed 
(7000 to 13,000 corrected rpm) in the follow%ng manner: At a given 
simulated condition of altitude and engine Speed, sll met-air con- 
ditions were kept constant end the fire1 flouwae increased until 
either the requirea temperature rise ws.s attained, the combustor- 
outlet temperature decreased with further increase in fuel flow, or 
co&ustt;ion blow-out occurred. If the temperature rise was attained, 
the po$nt was considered in the operating region for the engine; if 
either of the other txoconditions was encountered, the point was 
considered in the nonoperating region for the engine. This pOC8- 

- d . dtare was repeated for sufficient engine operating points to determine 
-. the limiting altitude for engine operation at each en@;ine speed; the 

'* altitude operating limits were thus established. 
. - 
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CombustTon efficiency. - The effect of variations in simulated 
altitude and engine speed on the combmtion efffciency was determined 

7. 

at values of temperature rtse through the combustor slightly exceed- 
ing the temperature rise required to operate the engine at each given 
altitude and engine speed. 

The effect of variation of fuel-air ratfo on combustion efff-.. 
ciencg was determined over a range of fuel-air ratios (0.007 to 0.024) 
at the following simulated fX.ght conditions chosen to cover a range 
of ccmbustor-inlet-air variables: 

Altitude Maximum rated Ccmbustor-fnlet air 
' (ft) engine speed 

(percent) Flow Pressure Tempera- Required com- 
(lb/set) (in. Hg tare bustor-outlet 

abs.) (W tern erature 
P OF) 

40,000 100 3.31 24.7. 192 1274 
40,000 77 2.30 14.9 89 773 
50,COO 100 1.80 X3.1 192 1502 

Radial temperature distribution. --The combustor-outlet radial -_ L 

temperature distribution was determined at values of temperature rise 
through the ccnnbustor slightly exceeding the temperature rise required . . 
to operate the engine at the simulated flight conditions tabulated. 

Total-nressure~loss. ~_Simultaneo~~ly with the determination of 
combustion efficiency and combustor-outlet radial temperature distri- 
bution, the total pressures at the combustor inlet and outlet-were 
recorded. The.dtiferences between the filet and outlet total pres- 
lures Fe given in terms of a dimensionless parameter involving a 
reference dynamic preseure (Lr. 

. 

MEZXODSOFC~ION 

Average temperatures and pressures were taken as the arithmetic 
average of aJJ.&he readings &t each section. The temperature averages 
were not weighted for mass-flow profiles. All temperatures were con- 
sidered as total temperatures, because maximum errors due to fncom- 
plete tipact recovery were ofthe orderof 1. percent -of the total tem- 
perature. The.combustion efficiency -2s the ratio of the average gas- 
temperature rise through the combustor 30 the temprature rise theo- 

-. 

reticelly obtainable trith the give-n.. over-all fuel-air r-atio. The I 
reference dyhe2U.c pressure Q, was calculated from the air flow, the --- 

* I . 
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average LriLet-air temperature and static pressure, and the maxbum 
cross-sectfonal area of the combustor housing (105 sq in.). 

RESULTS AND DISCUSSION 

Altitude Operating Limit8 

The altitude operatinglimfts forthetwo cambustors and two 
fuels used are shown in figure 6, where simulated altitude is plotted 
against'simulated corrected engine speed. In each plot the eltitude 
operating limits are definedby a curve that seperates the operating 
conditions for which the combustor can produce the required combustor- 
outlet temperatures from the operata conditions for which it cernot 
produce this temperature. The caustor-outlet temperatures required 
for steady-state engz.kB operation end the ccrmbustor:outlet tempera- 
tures obtained exceeding the req.&red values ere included besfde each 
data point on figure 6. At altitudes below the operating limits, 
Ugher vslues of combustor-outlet temperature were attainable; the 
velues tabulated are the particular vslues at which the combustion ef- 
ficiency and other data were recorded. 

When-AN-F-32 fuel was used, the altitude operating limits of the 
combustor with Intern&L baffles were about 63,000 feet if extrapolated 
to max-lmum rated e 

T 
irk3 speed and 40,000 feet at 54 percent of mexJmum 

rated engine speed fig. 6(a)). The operating limits of the ccaibustor 
without internal baffles were about 64,000 feet if extrapolated to 
m rated engine speed a& 37,000 feet at 54 percent of maximum 
rated engZne speed (fig. 6(c)). Both canbustors had operating limit6 
about 4OUO feet lower in the rsng6 of 70 to 100 percent of maximum 
rated engine speed when operated with AH-F-58 fuel. 

In figure 7, the altitude operatm limits of the two combustors 
are compared for each of the two fuels invest@ated. The altitude 
operating limits of the combustar without internal baffles were 

. 2000 to 4000 feet higher than those of the combustor with internal 
baffles in the range of 75 to 100 percent of -rated engine 
speed. 

The altitude operating limits obttined with a produotion-model 
1 double-annulus combustor designed to fit into the smce 25pnch- 

outside-diameter combustor housing are also shown in figure 7. These 
- - altitude operating limits of the double-emnxlus ccmbustor were 
. 1 obtained in an investigation of the full-annulus (360°) combustor 

operating tith AH-F-58 fuel at conditions sinnzlating fl&ht in the 
" i . 
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same reference engine as that used in this investigation. This curve 
can therefore be .compsred directly with the curves for operation of 
the two current designs with AN-F-58 fuel. The altitude operating 
limi-ts of the single-=uLus cambustor without internal baffles were 
about 11,000 and 5000 feet above those bf the double-annulus poduc- 
tion model at 100 and 70 percent, respectively, of msxImum rated 

. en&x3 speed. 

. 

E 
8 

Combustion-Efficiency 

The combustion efficiencies at various simulated flight con- 
ditions are shown in figure.8 for the two combustors operating tith 
each of the two fuels investigated. Thg cqrves of figure 8were 
obtained by interplolating between the vslues of efficiency obtained 
at each of the data points indicated on figure 6. The curves rep&- 
senting the sltittie-limits of the combustors do not necessarily rep- 
resent a constant-efffciency line; the combustion efficiency decrease8 
rapidly near the altitude operating IWIts of the combustore. The 
combustion efficiencies of the ccmbustor with internal baffles were 

about 3 percent higher than those of the combustor without titernal 
bsffles throughout most of the rsnge ofeltitudes end engine speeds 
investigated. The combustion efficiency of the two single-annulus 
combustora WithAN-I?-32 fuel.at maximum rat& engine speed and various 
altitudes is shown in the following table: 

Combustion efficiency 
(percent) 

Altitude 
et1 Ccmbustor with Combustor tithout 

internal baff1e.s internal baffles 

Below 4C,ooo Over 99 
45,000 98 
50,000 96 
55,000 88 
60,000 -82 

Over 99 
97 
93 
85 
75 

For both combustors, the efficiencies obtaimd were approximately 
2 percent higher for AN-F-32 fuel than for AN-F-58 fuel. The cm- 

bustion efficiencies of both combustors approach 100 percent as 
altitude is decreased and engines-peed is increased. Both single-. 
annulus combustors investigated operated trith efficiencies about 
30 percent higher than those of-the production-model double-annulus 
combustor in the range of altitudes from 40,000 to 50,000 feet at 
.msxI.mnzu rated engine speed. 

- . 
m 

. 

” 

I 
. 
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The variation of c&u&ion efficiency tith fuel-air ratio for 
simulated altitudes of 40,000 and 50,000 feet at msxkalnn rated engine 
speed (13,000 corrected q) and 40JOO0 feet at 77 -percent of meximum 
rated speed, is illustrated in figure 9. The cc8ribustion efficiency 
ramafned essentially constant with increases in fuel-air ratio over 
the entire range investigated (0.007 to 0.024) for both cczubustors 
andbothfiels. 

A comparison is made in figure 10 betweentypioel data for a 
double-annulus production-model cambuator s& typical datafor a 
single-annulus combu6tor taken from figure 9. The efffciency Of the 

double-ennrlus combustor was quite sensitive to changes in fuel-air . 
ratio and increased with Increasiw fuel-air ratio. 

Temperature Distributfon 

Radial tem&x3rature distributions at the combustor outlet for the 
twa combustors are showninfigure XL.. The temperature BlstrLbutions 
were approximately the same for both ccmbustirs and for both fuels 
investigated. The fuel-air ratio at which these temperature dis-l;ri- 

l r- butions are shown was in each case just sufficient to produce the 
ccsibustor-outlet temperatures reqmed to operate the engine for the 
simulated-flight condI.tions. Each of the data points in figure ll u - is the average of six circu&erential tem~rature readings at the 
given radial distance from the turbine root section In the engUe. 
The temperature profiles at each condition investigated showed tem- 
peratures higher near the outer wall than near the inner wall. No 
attempt was made, by modifications in the combustor as in reference 3, 
to alter the temperature d+tributions at the combustor outlet. For 
the conditions dnvestigated, the deviation from the average tempera- 
ture fncreases as altitude 1s fnoreased atconstantengine speed'and 
also the deviation from the average temperatures Lncreases as the 
engine speed Is increased at constant altitude conditions; however, 
the general radfsl pattern of the outlet-temgerature distribution 
did not change with operating conditions within the rsnge investf- 
gated. 

Ccmbustor Total-Pressure Loss 

The ratio of the combustor toteI-pressure loss AFT to the 
calculated reference dynemLc Fessare 

- - 
s fs plotted as a Function 

- of the inlet- to outlet-gas density ratio pI/p2 in figure 12. 
The pressure losses for the two combustors were the same tit&in 

l 

. - 
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experimental accuracy, as shown by a comparison of figures 12(a) end 
12(b). The value of APT/s increased linearly from approximately 
.26.~th.isothermsl(no-burning) flovto approximately 36 at 

qP2 = 3. A com..ison with the original production-model double- 

armulus carhstor reveals mT4c values for the two ccaubustor 

designs reportzd herein about 24 times the values for the double- 
annulus combustor. The percentage of inlet-air-passage area blocked 
by the upstream face of the single-annulus ccmbustor ia greater than 
the percentage blocked by the faces of the double--us design 
because the upstream end of the single-annulus liner was extended 
li inches farther upstream into the compressor-outlet diffuser. A 
portion of the increase in tot&.-mssure loss is thereby accounted 
for; sane of the increase in pressure loss, however, must be due to 
the scanewhatlowertotal--n-hole erea anthe single-Zulus com- 
bustor liner (2lO sq in. cwed to 330 sq In. in the poduction- 
model double--us liner). 

Character ofFlames -_- 

At @m.ulated conditions of altitude ti engine speed below the - .I 
altitud.elimitof the engine , cc&u&ion changed with increasing fuel- * 
air ratio from the steady combustion to that characterized by a steady 
flickering, which increased fn msgnitude up to the point of flame 
blow-out. The flame remained'seated well toward tb upstream end of 
the cmbustor at all conditions of operation. No rough combustion was 
witnessed at any of the operating conditions investigated. 

The following results were obtained fKrm the experimental inves- 
tigation of the simulated-altitude performanoe of two s-e-annulus 

1 combustors designed for a one-qusrter sector of a 25E-inch-dismeter 
combustor housing: 

1. When operated wdth AX-F-32 fuel, the altitude operating limits 
of the ccmbustor with intern& baffles wnre 63,000 and 40,000 feet at 
100 percent-and 54 percent of rated engine speed, respectively. The 
operating limits of the combustor with no internal baff.&ls Fre 
64,000 end 38,000 feet at 100 percent-and 54 percent of rated engine I-- 
speed,'respectively. When operated with AN-F-58 fuel both single- 

c . . 
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annulus canibustors had operating limits about 4000 feet lower in the 
range of 70 to 100 percent rated speed than when operated with 
AH-F-32 fuel. 

2. The combustion efficiency of the two single-annulus ccPnbuetors 
with AR-T-32 fuel at rated engine speed and various altitudes is shown 
in the following table: 

Altitude Combustion efficiency 
(fi) (percent) 

combustor with Combustor without 
internal baffles internal baffles 

# 
Be1ow40,000 Over 99 Over 99 

45,000 98 97 
50,000 96 93 
55,000 88 85 
60,000 82 75 

The combustion efficiencies for the two cc&u&or configurations,were 
about 2 percent lower when operated with AX-F-58 fuel. 

3. The efficiencies of both these single-annulus combustors were 
about 30 percent higher then those of a double-annulus production- 
modelcombust or in the range of altitudes from 4,O,COC to 50,000 feet 
at rated engine speed. 

4. In contrast to the increase in combustion efficiency with 
increase in fuel-air ratio noted for the double-annulus production- 
model combustor, the combustion efficiwky of the single-annulus com- 
busters did not v8ry appreciably with fuel-air ratio in the range 
investigated (0.007 to 0.024). 

5. The exhaust-gas radial temperature distributions at each con- 
dition and for each combustor and fuel investigated showed tapera- 
tures higher near the outer wsll than near the inner wall; the gen- 
erally desirable radial distribution with higher temperatures near the 
tips of the turbine blades was thus attained. In eddition, the gen- 
eral radial pattern of the outlet-tempera-ture $fstribution did not 
change with operating conditions withfi the range investigated. 

6. The total-pressure losses for both combustors were almost 
the same over the entire range of inlet- to outlet-density ratioa. 
For isothermal conditions (no combustion), the total-pressure loss 
was approximately 26. At an inlet- to outlet+ensity ratio of 3.0 
the value of total-pressure loss for both ccmbustors was 36. These 



12 NACA RM E50E18a 

preesure losses were slightly more than twice the preseure loeses 
for the existing double-anuulus design aud were probably due to a 
decrease in open-hole area in the co&u&or liner as well as au 
increase in the percentage. of the inlet 8388 blocked by'the upstream 
face of the combustor, which extended farther upstream into the 
compressor-outlet diffuser. than did the upstream face of the 
existing double-annulua deei.gn. 

Lewi.8 Flight Propulsicm Laboratory, 
Naticmal Advieory Committee for Aeronautics, 

Cleveland, Ohio. 
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Correoted engine speed, N/r/8 
(b) Combustor-inlet air pressure. 

Figure 8. - Continued. 
engfne . 

Operating aharaoterLstio6 for Feferenoe turbojet, 
Rdnt pressure ratio, 1.04. 
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(a) Oombustory with internal baffles; fuel, AN-F42. 
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Figure 6. - Altitude operating limita of one-quarter sector of 25$-Inch- 
diameter single-annulus turbojet combustor for mm pressure ratio of 
1.04. 
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(b) Combustor with internal baffles; fuel, AN-F-58. 

Figure f. - Continued. Altitude operating limits of one-quarter sector 
of 2 %-inah-diameter single-annulus turbojet oacbustor for ram pres- 
sure ratio of 1.04. . 
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Figure 7. - Comparison of altitude operating limits of one-quarter 
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(a) Cornbust? +th Internal baffles; well AN-F-32. 
Figure 8- - Variation of oambustion effiaienayLwith altitude and correct- 

ed engine speed for one-quarter aeator of 2%lnah-diameter elngle- 
annulus turbojet aanbustor. 
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(b) Combustor with internal baffiks;-&&i, AN-F-68. 
Figure 8. - Continued. Variation or aantbustion with altitude 
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(a) Combustor without internal baffles; ftlel, AH-F-52, 
Figure 8. - Continued. Variation of oombustion with altitude and 

oorreoted engine speed for onequarter seotor of lneh-diameter alngle- 
annulus turbojet aombustor. 
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-SF- 8. - Conaluded. Variation of combustion effic % enuy rith altitude and 
corrected engine speed for one-quarter sector of B-inch-diameter single- 
annulus turbojet oombustor. 
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Figure 10. - Comparlaon of combustion efficiencies of one-quarter 
sector of 26&-inch-diameter single -annulua turbojet combustor and 
full-annulus production-model combustor. Ram pressure ratio, 1.04. 
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(a) aombustor with internal baffles; fuel, A&F-32. 

Figure 11. - Average radial combustor-outlet temperature dfstrfbution Of 0110 

quarter sector of 2S&nch-diameter sfn@e-annulus turbojet caabustor. 
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(b) Combustor with internal bafrles; ruel, AN-F-68. 

Figure II. - Continued. Average radial oombustor-outlet temperature distribu- 
tion of one-quarter sector of 25&fnoh-diameter single-annulue turbojet 
combustor. 
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Figure 11. - Continued. Average radial oombuetor-outlet tempea~ture diatri- 
bution of one-&arter'seotor-of i!$-inch-diameter single-annulue turbojet 
oombustor. 
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Flguw 12. - Total-pressure loss through ocmbustor aemnsnt as runotion of inlet- to outl.et-densitJ 

ratio. 


